The course of respiration of attached maize (Zea mays L.) leaves was measured by infrared gas analysis of CO2 efflux in the dark following illumination in atmospheres of 300 microliters of CO2 per liter of air, C02-free air, and C02-free N2 containing 400 (10, 11, 13) . Maize epitomizes the species that lack the 02-dependent high CO2 compensation point, evolution of CO2 in the light into C02-free air, and rapid postillumination burst of CO2 characteristic of photorespiration. I examined the postillumination respiration of maize leaves over several hours and found a dark respiration that differs from the postillumination burst yet responds quantitatively to prior illumination.
Dark respiration and photorespiration are two important respiratory processes of leaves. Dark respiration is ubiquitous among plants. Light often suppresses dark respiration and enhances its replacement in certain species by photorespiration (2, 3) . Photorespiration, or CO2 evolution in the light via the glycolate pathway (12) , is generally found in species like tobacco having inefficient CO2 fixation and absent from efficient species like maize (10, 11, 13) . Maize epitomizes the species that lack the 02-dependent high CO2 compensation point, evolution of CO2 in the light into C02-free air, and rapid postillumination burst of CO2 characteristic of photorespiration. I examined the postillumination respiration of maize leaves over several hours and found a dark respiration that differs from the postillumination burst yet responds quantitatively to prior illumination.
MATERIALS AND METHODS
Dark respiration was measured on intact leaves of maize (Zea mays L.) varieties Wf9, Wf9 x Pa83, and Pa83 x Wf9. The leaves were young, recently expanded to 300 to 500 cm2, and had been grown either in the field or in a growth room (25 C, 12-hr photoperiod, 0.09 cal cm-2 min-' (400-700 nm) irradiance from fluorescent bulbs, daily watering, and weekly application of liquid fertilizer).
The course of respiration was measured as CO2 efflux by leaves at 25 i 1 C into ambient air (320-340 ,ul of CO2 per liter), C02-free air, or C02-free N2 containing 400 0A of 02 per liter in a darkened acrylic plastic chamber after prior exposure to light.
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The total volume of the chamber and heat exchange unit was 8.4 liters, giving a volume to leaf area ratio of about 20 cm'/cm2. Rapid recirculation (11.4 liters sec-') and flow (3.5 m sec -1) in the chamber assured fast response of the indication of respiration to a change in the leaf. The irradiance (400-700 nm) from an incandescent source was attenuated by screens and measured with a pyranometer fitted with Schott filters.
The chamber was purged with flowing gas at 1.7 liters min-'
in laboratory experiments and 2.5 liters min-1 in the field. Increasing respiration was measured continuously at these flow rates. Decreasing respiration was measured by periodically flushing the chamber and establishing new equilibria at 1.7 or 2.5 liters min-'. This procedure assured that decreasing respiration was not confounded with the slow purge rate. A diaphragm pump forced 1.0 liter min-' of gas through magnesium perchlorate to the infrared analyzer. The remaining gas was exhausted through a restricted orifice that maintained 1.5 to 2.0 cm H20 pressure in the chamber. Since a change of 50 ul of CO2 per liter in the empty chamber was detected only 15 sec later by the analyzer and the course of respiration was measured for hours, the time was not adjusted for the lag. Rapid flushing at 10 liters min-' replaced air by N2 or N2 by air. The rate of respiration (mg CO2 dm-2 hr-1) was computed from the CO2 concentration in the input and exit gas streams, net flow through the chamber, and leaf area. Flow rates of N2 were corrected for gas density. All measurements were replicated at least three times and representative results are presented.
RESULTS AND DISCUSSION
The thick (about 6 mg dry wt cm-2) leaves from the field respired faster than the thin (about 3.5 mg dry wt cm-2) ones from the growth room, but the time courses of respiration for the two types of leaves were similar (Fig. 1 ). After the leaf was darkened, respiration increased to a maximum. Thereafter, respiration slowly declined with time. The constant respiration reached 2 to 3 hr after darkening was maintained at least 18 hr and in this paper is called the base rate. The base rate was about 50%0 of the maximal respiration reached soon after darkening for either leaf. The increase of respiration to a maximum following illumination in air and the subsequent decline to a stable rate suggest that respiration depends upon prior net CO2 fixation. This hypothesis was tested in two experiments.
First, leaf A, that had been in air and the dark for 12 hr, was illuminated for 20 min in C02-free air, which provides light with little CO2 fixation. Then respiration was observed in CO2-free air until the base rate was attained. Leaves B and C were treated in the same way except they were illuminated for 20 or 40 min in 300 Al of CO2 per liter of air, which permitted CO2 fixation. All leaves behaved similarly: CO2 efflux started 3 to 4 min after darkening the leaf, maximal respiration about 85% greater than the base rate was reached about 20 min after dark-3Plant Physiol. Vol. 46, 1970 ening, and respiration declined slowly, reaching the base rate about 2.5 hr after darkening (Fig. 2) . Similar times of onset and duration were confirmed for sections of attached leaves enclosed in a 150-cm' chamber. The CO2 lost in the dark was compared to net uptake in light by integrating the areas under the continuous curves but above the base rates. Thus, leaf A respired 0.65 mg CO2 dm-2 after negligible net fixation, leaf B respired 0.83 mg CO2 cm72 after fixing 5.2 mg CO2 cm-2, and leaf C respired 0.77 mg CO2 dm72 after fixing 14.0 mg CO2 dm-2. Secondly, a leaf that had been in air and in the dark 12 hr was repeatedly illuminated in C02-free air. Respiration in C02- 7 8 9 free air was measured after each exposure until the base rate was attained (Fig. 3) . Respiration continued to increase after ir- tion following illumination is not closely coupled to the fixation of exogeneous CO2 during the illumination. Significantly, decreasing irradiance from 0.38 to 0.12 cal cm-2 min-' decreased respiration substantially (compare A, B, C in Fig. 3) .
Therefore, leaves that had been in air and in the dark 12 hr were illuminated in C02-free air with 0.38 cal cm-2 min-' for 1 to 20 min. The total respiration into C02-free air during the dark after different prior illuminations was estimated by integrating the area above the base rate under curves like those in Figure 2 . The peak rate of dark respiration as a percentage of the base rate was also calculated for different prior illuminations. The total CO2 efflux and the maximal respiration after darkening of all three varieties respond alike to prior illumination (Fig. 4) . Respiration increased with increasing irradiance up to about 4 cal cm-2. The 02 requirement of respiration in leaves that had been in air and in the dark 12 hr before treatment is shown by Figures  5, 6 , and 7. The base rate of a leaf having normal respiration following illumination in CO2-free air is suppressed by N2 (Fig. 5, A) . Respiration into N2 in the subsequent dark period (B) is suppressed below the base rate if the leaf remains in N2 during illumination. The darkened leaf resumed normal respiration (relative to elapsed time from illumination) if N2 is replaced with C02-free air (C) and respiration declines to the base rate. Exposing the leaf in C02-free air to another illumination showed that suppression of respiration by N2 was partly reversible (D).
A leaf illuminated in C02-free air initially showed normal respiration in darkness into N2 (Fig. 6, A) , but continued exposure to N2 suppressed the peak and also suppressed respiration below the base rate (B). Normal respiration in darkness (relative to elapsed time from illumination) resumed when N2 was replaced by C02-free air (C). A leaf illuminated in N2 (Fig. 7) showed respiration in darkness into C02-free air similar to control leaves (Fig. 2) .
Thus light, but not 02, was required to produce a substrate which was subsequently used in dark respiration. The CO2 requirement was no greater than endogenous fixation. The substrate for respiration produced in the light required 02 for subsequent oxidation in darkness. The course of respiration was similar in air and C02-free air, and for leaves from the field and growth room. 0 Others found that dark respiration of leaves (4, 6) and whole plants (7, 8) varied with prior illumination in air, but my experiments reveal that respiration is quantitatively related to prior illumination and not to net CO2 fixation. The stimulation of respiration in maize leaves differs in onset and duration from the postillumination burst of photorespiration (1, 10) , but resembles the enhancement by blue light of respiratory 02 uptake in starved cells of Chlorella (5, 9) .
